1. Introduction {#sec0005}
===============

Pancreatic cancer is one of the most frequent causes of cancer-related death worldwide \[[@bib0005],[@bib0010]\]. In fact, despite the advances in diagnostic procedures and multimodal treatment pancreatic cancer patients present poor prognosis, with 5-year survival \<6%. At presentation 40% of pancreatic cancer patients are affected by locally advanced disease or locally advanced pancreatic cancer (LAPC) \[[@bib0005]\]. In LAPC, tumor infiltrates adjacent organs and vessels including the portal vein, the celiac artery and the superior mesenteric artery. Patients affected by LAPC do not frequently undergo radical surgery.

Focal ablative therapies with different energy sources have been developed to treat locally advanced primary tumors of the liver, lung, pancreas, kidney or prostate or distant metastases \[[@bib0015], [@bib0020], [@bib0025], [@bib0030], [@bib0035], [@bib0040]\]. Targeted ablative options include cryotherapy, high intensity focused ultrasound, radiofrequency ablation (RFA) and microwave ablation.

All of these targeted ablative options are associated with a marked increase in treatment-related complications \[[@bib0045], [@bib0050], [@bib0055], [@bib0060]\]. The application of thermal ablative techniques to LAPC has been previously associated to high rates of morbidity, as a result of a heat sink effect \[[@bib0065],[@bib0070]\]. In LAPC the beneficial effects of ablation is limited by the close proximity of critical vascular structures to the targeted tumor lesions. In fact, the primary mechanism of cell death induced by thermal ablative techniques is represented by a coagulative necrosis that involves also often surrounding structures.

Electroporation (IRE) has proved to be a new method of tumor ablation that activates energy-dependent biochemical mechanisms that promote apoptosis. In contrast with other thermal ablative options, IRE has been shown to produce larger perivascular tumor death while sparing tissue scaffolds \[[@bib0065],[@bib0110]\]. The use of IRE in the treatment of LAPC has apparently shown promising results, with relatively acceptable morbidity rates and improvement of survival \[[@bib0105],[@bib0125]\]. In this manuscript we report on the first application of IRE in the treatment of a LAPC patient through a minimally invasive surgical approach under laparoscopic ultrasound guide. On the basis of our experience, we propose a novel technical approach that combines the benefits of IRE on the treatment of patients affected by LAPC with the advantages of laparoscopic surgery. This case report was conducted, and is reported in accordance with the SCARE criteria \[[@bib0130]\].

2. Case report {#sec0010}
==============

A 69-year-old woman affected by LAPC was admitted in our institute. At diagnosis CT identified a 35-mm pancreatic mass in the neck of the pancreas surrounding the superior mesenteric artery and splenic vein, without any signs of metastases. A systemic chemotherapy with FOLFIRINOX was performed. The PET/CT scan showed an area of high metabolic activity at the pancreatic body-tail (SUV 11.23) ([Fig. 1](#fig0005){ref-type="fig"}). Subsequently, surgery was recommended by a multidisciplinary tumor board, in consideration of patient age, good response to chemotherapy and absence of distal metastasis.Fig. 1Pre-operative PET/CT scan. **A**. CT scan shows a persistant pancreatic body-tail lesion. **B**. PET scan shows an area of high metabolic activity at the pancreatic body-tail (SUV 11.23).Fig. 1

Patient́s written consent was obtained for staging laparoscopy, open surgery and laparoscopic IRE. She was informed of the nature of IRE, of potential discomforts and risks.

2.1. Surgical technique {#sec0015}
-----------------------

The patient was subjected to general anesthesia and, in addition, to a complete neuromuscular block to reduce muscle contractions due to IRE. The patient was placed supine with her legs abducted. The table was tilted in a mild reverse Trendelenburg position. The surgeon was standing between the patient legs, with the cameraman on her left side ([Fig. 2](#fig0010){ref-type="fig"}). Pneumoperitoneum was obtained via the open Veress-assisted technique and a 30° scope was used \[[@bib0095]\]. [Fig. 2](#fig0010){ref-type="fig"} shows the position of the trocars.Fig. 2Position of the surgical equipe, trocars and needles for IRE.Fig. 2

Staging laparoscopy was performed and no distant metastasis was identified. Under laparoscopic vision the gastro-colic ligament was opened near the middle of the stomach and was extended toward the infra-pyloric area using laparoscopic ultrasonic energy. In order to visualize the anterior surface of the pancreas the stomach was grasped and lifted cephalad. Intra-operative laparoscopic ultrasonography confirmed the impossibility to resect the mass with curative purpose (R0). Therefore, patient was treated by IRE ([Fig. 3](#fig0015){ref-type="fig"}). IRE was performed laparoscopically following manufacture's specifications and recommended parameters. Needles were inserted into the abdominal cavity through a coaxial stabilizing needles and guided into the pancreatic neoplasm by laparoscopic ultrasound ([Fig. 4](#fig0020){ref-type="fig"}).Fig. 3Irreversible electroporation machine, the NanoKnife^®^ (Angio Dynamics, Queensburry, New York).Fig. 3Fig. 4Percutaneous insertion of needles into the abdominal cavity and into the pancreatic neoplasm under laparoscopic ultrasound guide.Fig. 4

Needles were placed on both sides of the tumor to treat adjacent regions of the mass with 4 applications. Subsequently, ablation was performed and needles were removed under direct visual control to ensure hemostasis. Surgical time was 182 min. The post-operative course was uneventful and the patient was discharged after 5 days.

PET CT scan 6 months after surgery showed no significant increase in metabolic activity (SUV 3.42) ([Fig. 5](#fig0025){ref-type="fig"}) at the pancreatic body tail.Fig. 5Post-operative PET/CT scan at 6 months from surgery. Reduction of the metabolic activity at the pancreatic body tail.Fig. 5

3. Discussion {#sec0020}
=============

In this report we present a case on the application of irreversible electroporation for LAPC patients by a minimally invasive surgical approach, which made use of laparoscopic ultrasound for electrode positioning. To our knowledge this is the first reported case.

Pancreatic cancer is one of the most aggressive human malignancies. Patients with locally advanced cancer disease often present infiltration of adjacent structures such as the portal vein, the celiac trunk and/or the superior mesenteric vein \[[@bib0100], [@bib0105], [@bib0110], [@bib0115], [@bib0120]\].

In these cases, surgical resection may not be feasible and, consequently, the use of thermal ablative therapies such as RFA represents the only treatment with the intention of cure. However, RFA treatment of pancreatic cancer is characterized by a high rate of complications \[[@bib0105]\], since it may cause thermal injury to surrounding organs and structures. Recently, the use of IRE has been shown to improve survival in primarily unresectable solid tumors, including prostate, kidney, bone and/or liver cancer. IRE apparently represents an effective ablative therapy for patients with liver cancer and/or and LAPC. IRE is based on the principle of electroporation or electropermeabilization, whereby electric pulses are used to create defects in the cell membrane. These defects, defined "nano-pores" or "conductive pores", spread to the whole plasmatic membrane, causing programmed cell death due to the inability of the cell to maintain homeostasis \[[@bib0075]\]. The genetically program activated by IRE into tumor cells prevents fibrosis, scaring and the disruption of tissue architecture. Macroscopically, this mechanism results in an absence of a heat sink that characterize necrotic cell death and, as a consequence, in a lower injury to adjacent vital structures \[[@bib0080],[@bib0085]\].

Actually the commercial ablation device is set to produce high voltages, usually between 15,00­3000 V in pulses of 70­,100 microseconds. It is of paramount importance to avoid cardiac arrhythmias during IRE administration. To this aim, during IRE treatment of LAPC patients, synchronization of IRE pulses with the cardiac rhythm is required \[[@bib0090]\].

Martin et al. reported on an improvement of overall and progression­free survival in patients treated with IRE when compared with those who were treated with chemotherapy and/or radiation therapy alone \[[@bib0110]\]. In a recent review of the literature, Yeung et al. concluded that IRE was a potentially effective ablative therapy in a cohort of 114 patients affected by liver cancer \[[@bib0125]\]. However, the role of IRE as first--line regimen was not clearly defined \[[@bib0125]\].

As to the treatment of LAPC patients, IRE has been shown to be a promising approach, with relatively acceptable morbidity rates and improvement of survival. In these studies \[[@bib0085],[@bib0110]\]. IRE was indicated for patients with tumor size ≤4 cm, after having received systemic therapy. IRE was administered with an approach of open surgery, which allowed precise probe placement under ultrasound guide.

In this manuscript we report on the application of IRE through a minimally invasive surgical approach supported by placing of probes by laparoscopic ultrasound. We propose a novel technical approach that combines the benefits of IRE for the treatment of patients affected by LAPC with the advantages of laparoscopic surgery.

Furthermore, it is our opinion that patients with a short life expectancy may highly benefit from minimally invasive surgery, resulting into better quality of life, minimization of complications and reduction of hospitalization times. Notably, it is advisable that IRE supported by laparoscopic ultrasound has to be performed by surgeons with skills in mininvasive pancreatic surgery and laparoscopic ultrasound who operate in high-throughput hospitals.

4. Conclusions {#sec0025}
==============

Our study shows that IRE supported by laparoscopic ultrasound is a promising treatment for patient affected by unresectable LAPC, though further studies on a more numerous cohort of patients are warranted to unambiguously define its pros and cons.

Conflicts of interest {#sec0030}
=====================

The authors declare that they have no competing interests.

Funding {#sec0035}
=======

Anything to declare.

Ethical approval {#sec0040}
================

Ethical Approval was not required, it was a retrospective study.

Consent {#sec0045}
=======

Written informed consent was obtained from the patient for publication of this case report and accompanying images. A copy of the written consent is available for review by the Editor-in-Chief of this journal on request".

Authors provide assurance that the manuscript does not contain identifying characteristics of patient and alterations do not distort scientific meaning of this case report.

Author contribution {#sec0050}
===================

ET and MF conceived the study, participated in its design, drafted and revised the manuscript. They equally contributed.

AR conceived the study, participated in its design, drafted the manuscript.

AS drafted the manuscript.

RA drafted the manuscript.

LG drafted the manuscript.

PF drafted the manuscript.

DC participated in the design of the study and revised the manuscript.

FC conceived the study, operated the patients and revised the manuscript.

All authors have read and approved the final manuscript.

Registration of research studies {#sec0055}
================================

None.

Guarantor {#sec0060}
=========

Doctor Antonia Rizzuto is the Guarantor of the study. She conceived and conducted the study, had access to the data and controlled the decision to publish of the final manuscript previously approved by all authors.

[^1]: The first two authors equally contributed.
